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(54) Coaxial electromagnet in a magnetron sputtering reactor 



(57) A magnetron sputter reactor (10) capable of 
ionizing 1 5% or more of the metal atoms sputtered from 
the target (16). A small magnetron (36) having closed 
bands of opposed magnetic polarity is rotated about the 
center of the target (16) : and a large amount of power 
is applied to the target. Thereby the effective power den- 
sity determined by the magnetron area is increased. A 



DC coil (40) is wrapped around the space between the 
target (16) and the substrate (24) being sputter coated 
to generate an axial magnetic field to guide the metal 
ions towards the substrate (24). The pedestal electrode 
(22) supporting the substrate (24) may be negatively bi- 
ased to accelerate the metal ions to deep within high 
aspect-ratio holes. 
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Description 

FIELD OF THE INVENTION 

[0001] The invention relates generally to plasma sput- 
tering. In particular the invention relates to auxiliary 
sources of magnetic field in magnetron sputtering. 

BACKGROUND ART 

[0002] Magnetron sputtering is a principal method of 
depositing metal onto a semiconductor integrated circuit 
during its fabrication in order to form electrically connec- 
tions and other structures in the integrated circuit. A tar- 
get is composed of the metal to be deposited, and ions 
in a plasma are attracted to the target at sufficient ener- 
gy that target atoms are dislodged from the target, that 
is, sputtered. The sputtered atoms travel generally bal- 
listically toward the wafer being sputter coated, and the 
metal atoms are deposited on the wafer in metallic form. 
Alternatively, the metal atoms react with another gas in 
the plasma, for example, nitrogen, to reactively deposit 
a metal compound on the wafer. Reactive sputtering is 
often used to form thin barrier and nucleation layers of 
titanium nitride ortantalum nitride on the sides of narrow 
holes. 

[0003] DC magnetron sputtering is the most usually 
practiced commercial form of sputtering. The metallic 
target is biased to a negative DC bias in the range of 
about -400 to -600 VDC to attract positive ions of the ar- 
gon working gas toward the target to sputter the metal 
atoms. Usually, the sides of the sputter reactor are cov- 
ered with a shield to protect the chamber walls from 
sputter deposition. The shield is usually electrically 
grounded and thus provides an anode in opposition to 
the target cathode to capacitively couple the DC target 
power into the chamber and its plasma. 
[0004] A magnetron having at least a pair of opposed 
magnetic poles is disposed in back of the target to gen- 
erate a magnetic field dose to and parallel to the front 
face of the target. The magnetic field traps electrons, 
and, for charge neutrality in the plasma, additional argon 
ions are attracted into the region adjacent to the magn- 
etron to form there a high-density plasma. Thereby, the 
sputtering rate is increased. 

[0005] However, conventional sputtering presents 
challenges in the formation of advanced integrated cir- 
cuits. As mentioned above, sputtering is fundamentally 
a ballistic process having an approximate isotropic sput- 
tering pattern that is well suited for coating planar sur- 
faces but ill suited for depositing metal into the narrow 
features characteristic of advanced integrated circuits. 
For example, advanced integrated circuits include many 
inter-level vias having aspect ratios of 5:1 and higher, 
which need to be coated and filled with metal. However, 
techniques have been developed for drawing the sput- 
tered atoms deep within the narrow, deep holes to coat 
the bottom and sides and then to fill the hole with metal 



without bridging the hole and thereby forming an includ- 
ed void. 

[0006] A general technique for sputtering into deep 
holes is to cause the sputtered atoms to be ionized and 

5 to additionally negatively bias the wafer to cause the 
positively charged sputtered metal atoms accelerate to- 
ward the wafer. Thereby, the sputtering pattern be- 
comes anisotropic and directed toward the bottom of the 
holes. A negative self-bias naturally develops on an 

10 electrically floating pedestal. However, for more control, 
a voltage may be impressed on the pedestal. Typically, 
an RF power supply is coupled to a pedestal electrode 
through a coupling capacitor, and a negative DC self- 
bias voltage develops on the pedestal adjacent to the 

15 plasma. 

[0007] At least two techniques are available which in- 
crease the plasma density in the sputtering chamber 
and thereby increase the fraction of ionized sputtered 
atoms. 

20 [0008] One method, called ionized metal plating (IMP) 
uses an RF inductive coil wrapper around the process- 
ing space between the target and the wafer to couple 
RF energy in the megahertz frequency range into the 
processing space. The coil generates an axial RF mag- 

25 netic field in the plasma which in turn generates a cir- 
cumferential electric field at the edges of the plasma, 
thereby coupling energy into the plasma in a region re- 
mote from the wafer and increasing its density and 
thereby increasing the metal ionization rate. IMP sput- 

30 tering is typically performed at a relatively high argon 
pressure of 50 to 100 milliTorr. 

[0009] IMP is very effective at deep hole filing. Its ion- 
ization fraction can be well above 50%. However, IMP 
equipment is relatively expensive. Even more impor- 
ts tantly, IMP tends to be a hot, energetic, high-pressure 
process in which a large number of argon ions are also 
accelerated toward the wafer. Film quality resulting from 
IMP is not optimal for all applications. 
[0010] A recently developed technology of self-ion- 
*o jzed plasma (SIP) sputtering allows plasma sputtering 
reactors to be only slightly modified but to nonetheless 
achieve efficient filling of metals into high aspect-ratio 
holes in a low-pressure, low-temperature process. This 
technology has been described by Fu et al. in U.S. Pat- 
45 ent Application 09/546,798, filed April 1 1 , 2000 : and by 
Chiang et al. in U.S. Patent Application 09/41 4,61 4, filed 
October 8, 1 999, both incorporated herein by reference 
in their entireties. 

[0011] The SIP sputter reactor described in the above 
50 cited patents is modified from a conventional magnetron 
sputter reactor configured for single-wafer processing. 
SIP sputtering uses a variety of modifications to a fairly 
conventional capacitively coupled magnetron sputter 
reactor to generate a high-density plasma adjacent to 
55 the target and to extend the plasma and guide the metal 
ions toward the wafer. Relatively high amounts of DC 
power are applied to the target, for example, 20 to 40kW 
for a chamber designed for 200mm wafers. Further- 
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more, the magnetron has a relatively small area so that 
the target power is concentrated in the smaller area of 
the magnetron, thus increasing the power density sup- 
plied to the HDP region adjacent the magnetron. The 
small-area magnetron is disposed to a side of a center 
of the target and is rotated about the center to provide 
more uniform sputtering and deposition. 
[0012] In one type of SIP sputtering, the magnetron 
has unbalanced poles, usually a strong outer pole of one 
magnetic polarity surrounding a weaker inner pole. The 
magnetic field lines emanating from the stronger pole 
may be decomposed into not only a conventional hori- 
zontal magnetic field adjacent the target face but also a 
vertical magnetic field extending toward the wafer. The 
vertical field lines extend the plasma closer toward the 
wafer and also guide the metal ions toward the wafer. 
Furthermore, the vertical magnetic lines close to the 
chamber walls act to block the diffusion of electrons from 
the plasma to the grounded shields. The reduced elec- 
tron loss is particularly effective at increasing the plasma 
density and extending the plasma across the processing 
space. 

[0013] Gopalraja et al. disclose another type of SIP 
sputtering, called SIP+ sputtering, in U.S. Patent Appli- 
cation 09/518,180, filed March 2, 2000, also incorporat- 
ed herein by reference in its entirety. SIP+ sputtering re- 
lies upon a target having a shape with an annular vault 
facing the wafer. Magnets of opposed polarities dis- 
posed behind the facing sidewalls of the vault produce 
a high-density plasma in the vault. The magnets usually 
have a small circumferential extent along the vault side- 
walls and are rotated about the target center to provide 
uniform sputtering. Although some of the designs use 
asymmetrically sized magnets, the magnetic field is 
mostly confined to the volume of the vault. 
[0014] SIP sputtering may be accomplished without 
the use of RF inductive coils. The small HDP region is 
sufficient to ionize a substantial fraction of metal ions, 
estimated to be between 1 0 and 25%, which is sufficient 
to reach into deep holes. Particularly at the high ioniza- 
tion fraction, the ionized sputtered metal atoms are at- 
tracted back to the targets and sputter yet further metal 
atoms. As a result, the argon working pressure may be 
reduced without the plasma collapsing. Therefore, ar- 
gon heating of the wafer is less of a problem, and there 
is reduced likelihood of the metal ions colliding with ar- 
gon atoms, which would both reduce the ion density and 
randomize the metal ion sputtering pattern. 
[0015] However, SIP sputtering could still be im- 
proved. The ionization fraction is only moderately high. 
The remaining 75 to 90% of the sputtered metal atoms 
are neutral and not subject to acceleration toward the 
biased wafer. This generally isotropic neutral flux does 
not easily enter high-aspect ratio holes. Furthermore, 
the neutral flux produces a non-uniform thickness be- 
tween the center and the edge of wafer since the center 
is subjected to deposition from a larger area of the target 
than does the edge when accounting for the wider neu- 



tral flux pattern. 

[0016] One method of decreasing the neutral flux rel- 
ative to the ionized flux is to increase the throw of the 
sputter reactor, that is. the spacing between the target 

5 and pedestal. For a 200mm wafer, a conventional throw 
may be 1 90mm while a long throw may be 290mm. Long 
throw may be defined as a throw that is greater than 
125% of the wafer diameter. In long throw, the more iso- 
tropic neutral flux preferentially deposits on the shields 

10 while the anisotropic ionized fiux is not substantially re- 
duced. That is, the neutrals are filtered out. 
[0017] However, long-throw sputtering has draw- 
backs when combined with SIP sputtering relying upon 
an unbalanced magnetron to project the magnetic field 

15 toward the wafer. The vertical magnetic component is 
relatively weak and rapidly attenuates away from the tar- 
get since it necessarily returns to the magnetron. It is 
estimated that for a typical unbalanced magnetron pro- 
ducing a 1 kilogauss horizontal magnetic field at the tar- 

20 get produces only a 10 gauss vertical magnetic field 
100mm from the target, and it rapidly decreases yet fur- 
ther away. Therefore, an unbalanced magnetron in a 
long-throw sputter reactor does not provide the magnet- 
ic plasma support and magnetic guidance close to the 

25 wafer that is needed to obtain the beneficial results of 
SIP sputtering. 

[001 8] Another problem arises in SI P sputtering using 
a strongly unbalanced magnetron because the vertical 
components of the magnetic field close to the wafer are 
30 invariably non-uniform as they are being attracted back 
toward the magnetron. Such non-uniformity in the mag- 
netic field is bound to degrade the uniformity of sputter- 
ing across the wafer. 

[0019] Also, in SIP + sputtering with the vaulted target, 
35 there is relatively little magnetic field extending out of 
the vault to support the plasma and guide the metal ions 
toward the wafer. 

[0020] Accordingly, it is desired to provide a better al- 
ternative for magnetic confinement and guidance of ion- 
40 ized sputtered atoms. 

SUMMARY OF THE INVENTION 

[0021] The invention is defined in claims 1,10, and 
^5 13, respectively. Particular embodiments of the Inven- 
tion are set out in the dependent claims. 
[0022] In a magnetron sputter reactor, a coil is 
wrapped around the processing space between the tar- 
get and pedestal supporting the substrate being sputter 
50 coated. The coil is powered, preferably by a DC power 
supply, to generate an axial field in the sputter reactor. 
The axial magnetic field is preferably in the range of 15 
to 100 gauss. 

[0023] The magnetron preferably is unbalanced with 
55 a stronger pole surrounding a weaker inner pole of the 
opposed magnetic polarity. The stronger pole preferably 
generates a magnetic flux parallel to the magnetic flux 
generated by the coaxial DC coil. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0024] FIG. 1 is a schematic cross-sectional view of 
a sputter reactor including a magnetic coil of the inven- 
tion. 

[0025] FIG. 2 is a graph illustrating the dependence 
of ion flux upon applied magnetic field. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0026] A first embodiment of a plasma sputtering re- 
actor 10 of the invention is illustrated in the schematic 
cross-section view of FIG. 1 . A vacuum chamber 12 in- 
cludes generally cylindrical sidewalls 14, which are elec- 
trically grounded. Typically, unillustrated grounded re- 
placeable shields are located inside the sidewalls 14 to 
protect them from being sputter coated, but they act as 
chamber sidewalls except for holding a vacuum. A sput- 
tering target 16 composed of the metal to be sputtered 
is sealed to the chamber 12 through an insulator 1 B. A 
pedestal electrode 22 supports a wafer 24 to be sputter 
coated in parallel opposition to the target 1 6. 
A sputtering working gas, preferably argon, is metered 
into the chamber from a gas supply 26 through a mass 
flow controller 28. A vacuum pumping system 30 main- 
tains the interior of the chamber 12 at a very low base 
pressure of typically 1 0-8 Torr or less. During plasma ig- 
nition, the argon pressure is supplied in an amount pro- 
ducing a chamber pressure of approximately 5 milliTorr, 
but as will be explained later the pressure is thereafter 
decreased. A DC power supply 34 negatively biases the 
target 16 to approximately -600VDC causing the argon 
working gas to be excited into a plasma containing elec- 
trons and positive argon ions. The positive argon ions 
are attracted to the negatively biased target 1 6 and sput- 
ter metal atoms from the target. 
[0027] The invention is particularly useful with SIP 
sputtering in which a small magnetron 36 is supported 
on an unillustrated back plate behind the target 16. An 
unillustrated motor and drive shaft aligned to a central 
axis 38 rotates the back plate and the target about the 
central axis 38. The chamber 12 and target 1 6 are gen- 
erally circularly symmetric about the central axis 38. The 
SIP magnetron 36 includes an inner magnet pole 40 of 
one magnetic polarity and a surrounding outer magnet 
pole 42 of the other magnetic polarity, both supported 
by and magnetically coupled through a magnetic yoke 
44. In an unbalanced magnetron, the outer pole 42 has 
a total magnetic flux integrated over its area that is larger 
than that produced by the inner pole 40. The opposed 
magnetic poles create a magnetic filed B M inside the 
chamber 12 with strong components parallel and close 
to the face of the target 1 6 to create a high-density plas- 
ma there to thereby increase the sputtering rate and in- 
crease the ionization fraction of the sputtered metal at- 
oms. An RF power supply 50, for example, having a fre- 
quency of 13.56MHz is connected to the pedestal elec- 



trode 22 to create a negative self-bias on the wafer 24. 
The bias attracts the positively charged metal atoms 
across the sheath of the adjacent plasma, thereby coat- 
ing the sides and bottoms of high aspect-ratio holes. 
5 [0028] In SIP sputtering, the magnetron is small and 
has a high magnetic strength and a high amount of DC 
power is applied to the target so that the plasma density 
rises to above 1 0 10 cnr 3 near the target 1 6. In the pres- 
ence of this plasma density, a large number of sputtered 
io atoms are ionized into positively charged metal ions. 
The metal ion density is high enough that a large number 
of them are attracted back to the target to sputter yet 
further metal ions. As a result the metal ions can at least 
partially replace the argon ions as the effective working 
is species in the sputtering process. That is, the argon 
pressu re can be reduced. The reduced pressure has the 
advantage of reducing scattering and deionization of the 
metal ions. For copper sputtering, under some condi- 
tions it is possible in a process called sustained self- 
20 sputtering (SSS) to completely eliminate the argon 
working gas once the plasma has been ignited. For alu- 
minum or tungsten sputtering, SSS is not possible, but 
the argon pressure can be substantially reduced from 
the pressures used in conventional sputtering, for ex- 
25 ample, to less than 1 milliTorr. 

[0029] According to the invention, an electromagnet 
40 is positioned around the chamber sidewalls 14 to pro- 
duce a magnetic field B c extending generally parallel to 
the chamber axis 38 between the target 1 6 and the wa- 
30 fer 24. The electromagnet 40 is most typically a coil 
wrapped around the sidewalls 14 and supplied with DC 
power from a powersource 42. The coil is generally cen- 
tered about the central axis 38 and thus coaxial with the 
chamber 12 and the target 16. 
35 [0030] Since the magnetic field of the unbalanced 
magnetron 36 is still helpful for confining electrons near 
the top portion of the chamber sidewall, it is preferably 
that the direction of the coil field be generally parallel 
with the magnetic field produced by the outer magnetron 
40 pole 42. 

[0031] The coil magnetic field B c is strong enough to 
trap plasma electrons to produce two beneficial effects. 
Electron loss to the unillustrated grounded shield (or 
equivalents to the grounded chamber sidewall 1 4) is re- 
4 5 duced, thus increasing the plasma density. Further- 
more, the magnetic field lines extend toward the wafer 
24, and plasma electrons gyrate around them in a spiral 
pattern and travel toward the wafer 24. The metal ions, 
even if not trapped by the magnetic field lines, follow th 
50 plasma electrons toward the wafer 24. The effect is to 
increases the sputtered metal ion flux incident on the 
wafer. The ionized flux is effective at filling deep : narrow 
holes or coating their sides. 

[0032] The previously described SIP sputtering relies 
55 upon a strongly unbalanced magnetron , that is, one hav- 
ing magnetic poles of significantly different total 
strengths, to project the magnetic field toward the wafer. 
The unbalanced approach has the disadvantage that 
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the projected magnetic field is distinctly non-uniform in 
the vicinity of the wafer. In contrast, the sputter reactor 
of FIG. 1 does not require a strongly unbalanced mag- 
netron to project the magnetic field. Instead, the elec- 
tromagnet 40 projects a substantially uniform, axial 5 
magnetic field B c from the target to the wafer 24. 
[0033] Another difficulty with the use of an unbal- 
anced magnetron for projecting the magnetic field is that 
only the unbalanced portion is projected, and this por- 
tion must return to the back of the magnetron. Such a 10 
field rapidly attenuates with distance, typically with a de- 
pendence of the fourth power of distance. Exemplary 
attenuation is that a 1000 gauss field is reduced to 10 
gauss over 100mm. Furthermore, SIP ionization rates 
are limited to about 25%. The remaining 75% of sput- 15 
tered metal atoms are neutral, and the wafer biasing is 
ineffective at directing the neutral component to deep 
within high-aspect ratio holes. It is desirable to filter out 
the neutral component by extending the throw of the 
sputter reactor, for example, to 290mm for a 200mm wa- 20 
fer. The long throw has the further advantage of increas- 
ing the center-to-edge uniformity. However, unbalanced 
magnetrons cannot easily project the magnetic field 
over these increased distances. 

[0034] The invention thus reduces the need for an un- 25 
balanced magnetron. In particular, many of the advan- 
tages of SIP sputtering using the magnetic coil of the 
invention can be achieved with a small rotatable magn- 
etron having inner and outer closed magnetic bands of 
the same or substantially the same magnetic strengths 30 
of opposed magnetic polarities. Closed magnetrons 
with a parallel band structure are well known and are 
easily achieved with horseshoe magnets arranged in a 
close shape and providing a strong magnetic field be- 
tween the poles of the horseshoe magnets, as has been 35 
disclosed by Parker in U.S. Patent 5,242,566 and by 
TepmaninU.S. Patent 5,320,728. However, these mag- 
netrons are large magnetrons, not conforming to the re- 
quirement that a SIP magnetron have an encompassing 
area smaller than a circle extending from the target cent- 40 
er to the periphery of its usable area or, alternatively, 
that the target be divided into two half-spaces separated 
by a plane passing through the central axis and that the 
magnetron be principally disposed in one half-space 
and not extend into the other half-space by more than *s 
15% of the target radius. 

[0035] In contrast, the magnetic coil of the invention 
produces a magnetic field that is substantially axially 
uniform over the length of the coil, and even outside the 
coil the magnetic field strength does not diminish pre- so 
cipitously. Accordingly, the throw of the sputter reactor 
can be increased without unnecessarily reducing the 
metal ion flux. 

[0036] Okuboetal. in U.S. Patent 5,744,011 have dis- 
closed a DC coil wrapped around a large magnetron. 55 
However, theirconfiguration ispredicated on a largesta- 
tionary magnetron sothat the combination of magnetron 
and coil field produces a horizontal magnetic field near 
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the substrate being coated. In contrast, the coil of the 
invention produces a vertical magnetic field at the wafer, 
and the field of the magnetron is substantially limited to 
near the target. In quantifiable terms, the combined 
magnetron and coil magnetic field is incident at all parts 
of the wafer at no more than 20° from the normal, pref- 
erably no more than 10°. Another distinguishing factor 
associated with the normal incident magnetic is that the 
coil of the present invention extends towards the wafer 
in an area at least as close to the pedestal as to the 
target and preferably past the 75% distance of the path 
from the target to the pedestal. Thereby, the coil mag- 
netic field has less opportunity to deflect as it returns to 
the outside of the coil. In contrast, Okubo et al. place 
their coil close to the target so that the coil field is largely 
horizontal near the wafer. 

[0037] The invention has been tested by wrapping 
300 to 400 turns of electrical wire around the chamber 
sidewall 1 4. A coil current of 2 A produces an axial mag- 
netic field B c of about 1 00G gauss. 
[0038] A sputter reactor having a copper target and a 
racetrack magnetron of the sort described by Fu et al. 
was tested with such an electromagnet. The target was 
powered with 35kW of DC power, and the pedestal was 
biased with 300W of 13.56MHz power with a flow of 5 
seem of argon into the chamber. The ion current to the 
pedestal electrode was measured as a function of coil 
current. The results are shown in the graph of FIG. 2. A 
coil current of 1A producing a coil field of 50 gauss in- 
creases the ion current to the pedestal by more than a 
factor of two. The quoted magnetic fields are measured 
in the bore of the coil near its center. The central axial 
field may be approximated for a very thin coil as 

B C =NI 2 a2 2 3/2 , 
2(a 2 +z 2 ) 3/2 

where / is the coil current, N is the number of turns, a is 
the radius of the coil, and z is the axial distance from the 
coil. 

[0039] In the context of sputtering into deep holes, a 
high ion current is preferred. However, a further increase 
to 2A and 1 00 gauss causes the observed ion current 
to decrease, it is believed the decrease is caused by the 
axial coil field interfering with the electron trapping of the 
horizontal magnetron field. From these results, it be- 
comes apparent that for typical SIP magnetrons, the coil 
field should be greater than 15 gauss and less than 100 
gauss. 

[0040] The DC magnetic coil of the invention advan- 
tageously differs from the RF coil of an IMP reactor in 
that it may be placed outside of the chamber as long as 
the chamber and shields are composed of non-magnet- 
ic materials. In contrast, an RF coil such as that used in 
an inductively coupled IMP reactor needs to be placed 
inside of the chamber and even inside of the shield (un- 
less the shield is turned into a Faraday shield). Other- 
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wise, the conductive chamber and shield will short the 
RF fields. 

[0041] Some of the advantages of the invention can 
be employed by replacing the coil with an annular mag- 
net magnetized along its axis or equivalent by a series 5 
of axially polarized magnets arranged circumferentially 
about the chamber sidewalls. However, the coil is more 
effective at producing a uniform magnetic field and can 
be controlled for different values of magnet field. 
[0042] It is possible to enjoy many of the advantages 10 
of the invention with a sub-kilohertz AC powering of the 
coil. However DC coil power is best because it is always 
producing its maximum effect with no nulls. 
, [0043] The magnetic coil of the invention may also be 
advantageously applied to a sputter reactor with a vault- 15 
ed target such as that described by Gopalraja et al. for 
SIP + sputtering. The coil is particularly advantageous 
for vaulted targets since the restrained geometry in- 
volved in placing magnets on opposed lateral sides of 
the vault makes strongly unbalanced magnetrons diffi- 20 
cult to achieve. 

[0044] Although the invention has been described as 
a substitute for an inductively coupled IMP sputter reac- 
tor, a coaxial magnetic coil of the invention may be com- 
bined with such an IMP sputter reactor. Unlike the RF 25 
magnetic field produced by an RF coil, a DC or low-AC 
magnetic field of the invention can deeply penetrate the 
high density plasma of the IMP sputter reactor. 
[0045] The invention thus provides additional controls 
for magnetron sputtering with the addition of a standard 30 
and economical coil. The invention has been shown to 
be effective at generating a high ionization fraction of 
sputtered metal atoms useful for deep hole filling. 
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3. The sputter reactor of Claim 2, further comprising a 
DC power supply connectable to said coil. 

4. The sputter reactor of Claim 2. further comprising 
an AC power supply having a f req uency of less than 
1 kHz connectable to said coil. 

5. The sputter reactor of Claim 2, wherein said mag- 
netic field produced by said coil is incident upon said 
substrate supported by said pedestal at an angle 
deviating by no more than 20° from said central ax- 
is. 

6. The sputter reactor of Claim 5, wherein said angle 
is no more than 10°. 

7. The sputter reactor of Claim 2, wherein said sub- 
strate is substantially circular and a spacing be- 
tween said target and said pedestal is larger than 
125% of a diameter of said substrate. 

8. The sputter reactor of Claim 1 , wherein said magn- 
etron comprises an inner pole of a first magnetic po- 
larity and having a first total magnetic flux and an 
outer pole of a second magnetic polarity opposite 
said first magnetic polarity and having a second to- 
tal magnetic flux larger than said first total magnetic 
flux. 

9. The sputter reactor of Claim 8, wherein said mag- 
netic means creates magnetic field of said second 
magnetic polarity in a region between said target 
and said pedestal. 



Claims 

1 . A sputter reactor, comprising: 

a vacuum chamber having sidewalls; 
a sputtering target sealed to but electrically iso- 
lated from said sidewalls of said vacuum cham- 
ber and configured to be electrically biased; 
a magnetron principally disposed on one side 
of a central axis of said chamber at a backside 
of said target and rotatable about said axis; 
a pedestal for supporting a substrate to be sput- 
ter coated with material of said target while dis- 
posed in opposition to said target along said 
sidewalls; and 

means for producing a magnetic field extending 
along said central axis in a region between said 
target and said pedestal. 

2. The reactor of Claim 1 , wherein said means com- 
prise a coil wrapped around said sidewalls and con- 
figured to be electrically powered to produce said 
magnetic field. 



10. A sputter reactor, comprising: 

a vacuum chamber having sidewalls; 
a sputtering target sealed to said sidewalls; 
a magnetron disposed at a back of said target 
and rotatable about a central axis; 
a pedestal for supporting a substrate to be sput- 
ter coated with material of said target while in 
opposition to said target along said sidewalls; 
a coil wrapped about said central axis and ex- 
tending from said target to a distance of at least 
75% along a path from said target to said ped- 
estal; and 

a DC power supply connectable to said coil. 

11. The sputter reactor of Claim 10, 

wherein said magnetron comprises an inner 
pole producing a magnetic field of a first polarity 
adjacent to a face of said target and an outer 
pole surround said inner pole and producing a 
magnetic field of a second polarity adjacent to 
a face of said target and 
wherein said coil and DC power supply create 
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a magnetic field of said first polarity in an inte- 
rior thereof. 

12. The sputter reactor of Claim 11. wherein said inner 
pole produces a first total magnetic flux and said 5 
outer pole produces a second total magnetic flux 
larger than said first total magnetic flux. 

13. A method of sputtering, comprising the steps of: 

mounting within a vacuum chamber a substrate 
to be sputter coated in opposition to a sputter- 
ing target; 

rotating a magnetron disposed on a side of said 
target opposite said substrate about a central 
axis of said vacuum chamber; 
applying electrical power to said target to sput- 
ter particles from said target; and 
applying a DC magnetic field extending at least 
partially along said central axis from said target 
to said substrate to guide ionized ones of said 
sputter particles towards said substrate. 

14. The method of Claim 13, wherein said electrical 
power is DC electrical power. 25 

15. The method of Claim 13, further comprising induc- 
ing a. negative DC bias on said substrate to accel- 
erate said ionized sputter particles towards said 
substrate. so 

16. The method of Claim 15, wherein said ionized ones 
of said sputter particles constitute at least 10% of 
said sputter particles. 

35 

17. The method of Claim 13, wherein said DC magnetic 
field has a strength of more than 15 and less than 
100 gauss. 

18. The method of Claim 13, comprising maintaining a 40 
first pressure of a working gas in said vacuum 
chamber to excite a plasma of said working gas to 
effect said sputtering of said particles and thereafter 
maintaining a second pressure of said working gas 
less than said first pressure to continue to effect 45 
said sputtering of said particles. 
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